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An investigation has been made t o  determine  whether t h i n   a i r f o i l s ,  
which have increased  values  of  the low-speed maximum l i f t  coefficient.  
but which a t  the same time r e t a i n  the basic  advantages of thin  sect ions 
a t  high Mach numbers,. can be developed. A i r fo i l  data, which are  avail-  
able i n  the l i t e r a t u r e ,  were analyzed and an approximate r e l a t ion  between 
the   a i r fo i l   p ressure   d ie t r ibu t ion  and the maximum l i f t  coeff ic ient  wa8  
found.  With the use of this re l a t ion  a8 a guide,  several experimental 
th in   a i r fo i l   s ec t ions  having pressure  distributions  favorable f b r  high 
maximum l i f t  coefficients were derived. Two of these a i r fo i l   s ec t ions  
which were symmetrical and 6 percent thick have been  investigated a t  
both  high and &ow_ subsonic . .  Mach numbers. . .  . 

Both of the two n e w  sections had low-speed ~ m i m ~ l  l i f t  coeff ic ients  
of about 1.3 at a Reynolds nuiber of 9 .O x 106 a0 compared t o  values of 
about 0.8 which are characteristic  of  other  6-percent-thick symmetrical 
a i r fo i l   s ec t ions .  No significant  differences in the l i f t  and moment' 
c b a c t e r i s t i c s  of the new a i r f o i l s  a8 compared t o  the NACA 64-006 air- 
f o i l   s e c t i o n  were found at high Mach numbers, at least through most 
of the limited angle-of-attack  range of the preeent  investigation. 
(Maximum angle of a t tack   for  the high-speed t e s t e  w a s  6 O .  ) The drag 
divergence Mach numbers of the new sections were lower  than  those of 
the NACA 64-006. The data f o r  the two new sectfons, however, indicate  F; 
the poss ib i l i ty  that o the r   a i r fo i l s  can be designed w h i c h  have increaseail 
values of the  drag-divergence M a c h  m b e r  with but  little decreaae i n  !.; 
the low-speed maximum l i f t  coefficient.  I 

"" . 
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Various  experimental  investigations have shown that extremely  thin 
a i r fo i l   sec t ions  have many aerodynamic advantages at higki subsonic and 
transonic Mach numbers. One of the disadvantages of such  sections, 
however, i s  their   very low m a x i m  lift coef f ic ien ts   a t  low speeds 
corresponding to  the  landing  condition of high-speed a i r c ra f t .  For 
example, all 6-percent-thick  symmetrical a i r fo i l   sec t ions   for  which 
data are available have low-sped maximum l i f t  coefficients of the  order 
of 0.8 t o  0.9 regardless of surface  condition  for Reynolds numbers l e s s  
than 20 t o  25 x 10 (references 1 and 2 ) .  

.. 
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A n  investigation has been  undertaken i n  an e f f o r t  t o  determine 
w h e t h e r  t h i n  symmetrical a i r fo i l s ,  which would have maximum l i f t  coeffi-  
c ients   substant ia l ly  greater than.0.8  but which would, a t  the same time, 
have  high-speed character is t ics  as good as those of t h i n   a i r f o i l s  of 
conventional  design,  could  be  developed. A s  a re su l t  of this investiga- 
t ion,  two experimental  symmetrical a i r f o i l s  of  6-percent  thickness have 
been  derived and tested i n  two-dimensional flow a t  both  high and low 
Mach numbers. The methods by which the a i r f o i l s  were derived and the 
test  results  obtained are presented and discussed-in the present  paper. 

I 

SYMBOLS 

X 

Y 

t 

C 

aO 

C 2 

c 2 i  

C 
%nax 

“d 

dfstance along chord 

distance normal. t o  chord 

a i r f o f l  zaximum thickness 

chord 

section  angle of a t tack 

section lift coefficient 

sectign  design l i f t  coefficient 

section maxl rmun l i f t  coefficient 

section drag coefficient 
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section pitching-moment coefficient  about  quarter chord . .  

%c " . . . . . . . . 

. section pitching-moment coefficient  about aerodynamic center 
- - 

R Reynolds number based on wing chord and free-stream  velocity 

R '  un i t  Reynolds number based on free-stream  velocity and a 
length of 1 foot  

M* free-stream Mach  ncmiber 

PS stagnation pressure 

pi minimum stat ic   pressure near leading edge a t  C - 0.1 

p2 .. . . L x  

q1 maximum dynamic pressure near leading edge a t  c - 0.1 

stat ic   preseure a t  0 . 9 ~   s t a t i o n   a t  c - 0.1 . .  

. ~nax 
I 

free-stream stat ic   pressure 
. .  

I 

qO 
free-stream dynamic pressure 

s pressure  coefficient r LP0) 
V free-stream  velocity 

Y local   veloci ty  

I Ava ' l oca l  velcrci.ty  increment due t o  angle of attack 
. . - . . ." . . .. 

AI, +- airfoil   design  constants 
- - . . .  

@ 
Jr airfoi l  design pasameter (reference 6) 

%x Value of t# a t  leading edge 

. .  

angular coordinate of  true circle  plane  (reference 6) 

- 

- " 
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DERIVATION OF AIRFOIL SECTIONS 

NACA RM ~ 5 1 ~ 0 6  

Correlation of meximum l i f t  coefficient  with  pressure  distribution.- 
The s t a l l  of  an airfoi l .   sect ion i s  believed t o  be involved  with  the 
behavior of the so-called "laminar separation bubble" ne& the  leading 
edge and with the  behavior of the  turbulent boundary layer  following 
reattachment of the,separated layer j u s t  behind the leading edge (ref- 
erences 2 and 3) .  An understanding  of  these phenomena suff ic ient ly  
de ta i led   to  permit an  exact  calculation of the maximum l i f t  coefficient 
for a gfven  pressure  distribution and  Reynolds nuniber,  however, has not 
been  reached a t  the  present  time. For this reason,  an  approximate 
method for  estimating the ef fec t  of a i r fo i l   sec t ion  on the maximum l i f t  
coefficient has been  developed. It should  perhaps be pointed out i n  
the beginning that t h i s  method  most cer ta inly cannot be jus t i f ied  from 
firs-bprinciples; however, it did seen t o   o f f e r  a t  least a rough  guide 
t o  the manner i n  wMch a t h i n   a i r f d i l  should be designed t o  give a high 
maximum l i f t  coefficient . 

The method developed is based on the fundamental  assumption tha t  
the stall a t  maximum l i f t  results primarily from separation  of  the 
turbulent boundary h y e r  and that fo r  purposes  of,  analysis, the boundary 
layer   a t   h igh- l i f t   coef f ic ien ts  m a y  be considered  turbulent from the 
point of' minimum pressure  near the leading edge t o  the t r a i l i n g  edge. 
These assumptions would be expected t o  apply  only in  the  range of 
Reynolds number i n  which the maximum l i f t  of smooth a i r f o i l s  does not 
vasy  to any large  extent. The assumptions are, of  course, more nearly 
c o r r e c t   f o r   a i r f o i l s   i n  the rmgh  surface  condition  since i n  thfs case 
the.  boundary laye? i s  turbulent  over  the  entire  airfoil   surface a t  a l l  
Reynolds nukbers. An empirical method developed by von Doenhoff and 
Tetervin  (reference 4) permits the  determination of the turbulent 
boundary-layer  separation  point from a knowledge of the pressure  die- 
tr ibution, w a l l  shear, and turbulent  boundary-layer shape  and thickness 
a t  the point of apBlication of the  adverse  gradient. U s e  of this method 
ha6 indicated  that   for a given  boundary-layer shape a t  the  point of 
application  of the adverse  gradient,  separation of the turbulent  layer 
is primarily  related  to the amount.of static;pressure  recovery and i s  
only secondarily dependent  'upon the detailed shape of the pressure 
dis t r ibut ion and upon the Reynolds number. The shape  of the pressure 
dis t r ibut ion and the shape of the  turbulent  boundary-layer  velocity 
p r o f i l e   a t   o r  near the point of minimum pressure would not be expected 
t o  vary much fo r   d i f f e ren t   a i r fo i l s  near maximum lift. Consequently, 
it seemed reasonable  that  separation  corresponding  to the occurrence 
of the maximum l f f ' t  coefficient of various  airfoils  should  occur, t o  
the first order a t  least, a t  a relatively  constant  value of the difference 

. i  

I 
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between- the minimyn static  pressure  near  the  leading edge and the 
s ta t ic   preesure at t&-.sepqa%ion "" point - .  . ne& the trailing edge. T h i s  

. .  

pressure  difference e n  be expressed in the form p2 where 
. .  q1 

and ql are the static and dyridc pressures a t  the mlnfmum point 
near  the  leadlng edge and p2 is the pressure ii the   v ic in i ty  of the 

J 

. separation p i n t  new the trailing edge. . 

An examination  of l i f t . da t a  fo r  a large nuniber of a i r fo i l s   ind ica ted  
that the curye . ~ f  1S.t coefficient  .againat  angle df a t tack  i s  usua l ly  
essen t i a l ly   l i ne=   un t i l  -a l i f t  .coeff ic ient  of about 0.1 l e s s  than the 
maximum is reached. It w a s  assunkd that at a lift coeff ic ient  of 0.1 
less   than  the maximum, the separation  point was be&een the 90- and 100- 
percent-chord  statio?s and that further increases in angle of a t tack  
caused a rapid fo.&Gd  WSment of' the 8epa;ration  point. The value 

- - .  " 

P2 - P 

- q1 
c of the parame$er , l, .where- PI i s  the minimum pressure near the 

leading edge q d  _ p  - is thp pressure a t  the gO-p&rcent-chord stat&, 

evaluated. at a U.ft coeff ic ient  of 0.1 l e s s  than the maximum, was taken 
t o  be Indicat ive of critical  cpndltions  necessary fo r  the complete 
separation  corresponding t o  maximum ' l i f t .  " 

2 

I n  order t o  check the validity of the assrpt ione  involved  in  
the method and t o  dete*ne t& value of the crlt ical   pressure  recovery 

parameter, should on= exiat ,  the value of p2 - p1 at - 0.1 

w a s  evaluated f o r  a p p r o x k t e l y  45 a i r fo i l s ,   bo th  cambered and uncambered 
and i n  both  the smooth I_ . and,rough surface  conditiona. The l i f t  data 

were obtained from reference 1 and were for a '  Reynolde number of 6.0 x 10 . 6 
The values of the pressure-recovery parameter a t  this l i f t  coefficient 
were determined f r o m  the theore t ica l  press.&e-dietrLbution data of  
reference 1. It is, of course,  recognized that there are differences 
i n  the theo re t i ca l  and actual  pressure  distributions  about airfoil 
sections,   pazticularly a t  high l i f t  coefficients.  Because of the lack 
of experimental   pressure-astribution data for large nm-rs of air- 
f o i l s ,  hawever, it was necessary to use the theoret ical  data.. The 
range of thickne-as ra t io   invest igated was from 8 to 15 percent chord. 
Ai r fo i l s   l ees - than  8 percent i n  thickness were not considered  because 
detailed  surface pressure- and. boundary-layer measurements on a &percent- 
thick  a i r foi l   ( reference 5 )  iridicate tha t ,  even a t  r e l a t ive ly  low l$f t  
cneffgcients, the experimental pressure dis t r ibut ion new the leading 

q1 2max 

- .  . 

. " "  . .  
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edge b e a r s   l i t t l e  resemblance to   the  theoret ical   d is t r ibut ion and that 
lexge  regions  of  local  separation which may extend as Y8.r back from the 
leading edge as 50-percent chord ex i s t  ne- maximum l i f t .  T h i s  type of w 
flow f i e l d  which is basical ly   different  from that of th icker   a i r fo i l s  
near maximum l i f t  Violate8  the.assumption6 of the method. Airfoi ls  
greater than  13 percent i n  thickness  ratio were not  considered  because 
the msxhum l i f t  coefficient of such a i r f o i l s  i n  the  mooth  condition 
generally  varies  rather  rapidly  with Reynolds number for  values of the 

order  of 6,o x 10 , and hence, the assllmptions of the method  would be 
violated. 

a! 

6 

The pressure-recovery  parameter is plotted  against c - 0.1 

fo r  the smooth a i r f o i l s   i n   f i g u r e  I(&) and for the rough a i r f o i l 8   i n  
figure l ( b ) .  Although there is some scat ter   in   the  data ,   the   correlat ion 
seem rather  good in view of the re la t ive ly  crude  nature of the  analysis. 
There i s  some indication  that   the  cri t ical   pressure-recovery parameter 
decreases s o m e w h a t  with  increasing l i f t  coe-fficient,   particularly  for 
the rough  surface  condition.. This trend, however, i s  not  very  well 
defined and i n  accordance with the assumptions of the analysis, the 
data 'are   interpreted as yielding two constant   values   of . the  cr i t ical  
pressure-recovery  parameter fo r  the smooth and rough surface  conditions, 
respectively. 

i 

Specification of a i r f o i l  shape.- With the  correlation  presented i n  
figure 1, the problem of designing a t h i n   a i r f o i l   t o  have a par t icular  
maximum lift coefficient  resolves itself into the determination of tha t  
a i r f o i l  shape for which the  cr i t ical   value of the pressure-recovery 
parameter w i l l  be reached a t  a lift coefficient 0.1 below the desired 
maximum value. The potential  theory of a i r fo i l   sec t ions  of a rb i t ra ry  
shape  developed by Theodorsen and Garrick  (reference 6) provfdes a 
means for  the  direct   calculation of the  pressure distribution of an 
a i r f o i l  of given shape, and by a ser ies  of successive  applications of 
the method, an a i r f o i l  shape may be  derived t o  have a specified  pressure 
distribution. This l a t t e r  process is tedious and time-consuming a t  
best and i a  extremely d i f f i c u l t  if not  impossible for  tbe  solution of the 
problem of determining a shape t o  have a prescribed  value of the  pressure 
near  the  leading edge a t  a par t icular  lift coefficient.  Consequently, 
a procedure somewhat different  from that of deriving  an  airfoil   section 
t o  have 8 specified  pressure  distribution was employed in the  present 
case. 

.I . 

In the theory of Theodorsen and Garrick, the airfoil ordinates 
and pressure  distribution  are  related in a rather complicated  fashion 
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t o  two mutually  dependent parrameters, 6 and 6, which characterize  the 
transformation of a n   a i r f o i l  t o  a circle. The absolute value of a t  
a particular  point on the airfoil is a neame of i t s  th ickwss  and the 
d is t r ibu t ion  of i s  re ra ted ' to  the airfoil thicknees  distribution 
and to  the  pressure  distribut1o.n. In the present  investigation, the 
parameter- $ was expressed as'.a function  containing two arbitrary 
constants. The form of the function,.which is  given by the following 
expression ' *  

i s  such that by increasing A2, w h i l e  adjusting A1 t o  maintain a 

constant  thickness  ratio, the value of i n  the vic in i ty  of the leading 
edge increases  thus making the  leading edge more bulbous and reducing 
the values of th& peak negative  pressure  coefficient near the leading 
edge at high l i f t  coefficients.  The variable # i n  equation (1) is 
the angular coor-Mnate i n  the true circle plane of reference 6 .  
Equation (1) can  be  used with values of varying from 0 t o  2.0. 
For values- of greater than 2 .O, the  values of. $ near the leading 

edge (# = 0 corresponds t o  leading-edge point) decrease and the dis t r ibu-  - 

t i o n  of $ as a function of shows some undesirable peaks. 

Airfo i l s  of 6-percent thickness were derived for  dis t r ibut ions 
determined by values of varying f'rm 0 t o  1.6. The dis t r ibut ions 

adjusted t o  a thickness   ra t io  of 6 percent  for the different  values 
of A2 are shown i n   f i g u r e  2. It can be seeithat as increases, 

the values of $ i n  the v i c in i ty  of  the leading edge increase  quite 
rapidly w h i l e  those Over the rear par t  of the a i r f o i l  decrease. 

Effect of leading-edge ehape on pressure  distrTbution and maximum 

lift.-The pressure-recovery  parameter p2 - is  p lo t t ed   i n   f i gu re  3 - q1 
as a function of lift coef f ic ien t   for   the   a i r fo i l s  having various values 
of qm. The two .horizontal lines i n   f i g u r e  3 repreeent  the cri t ical  

values of the pressure-recovery  parameter as determined from figure 1 
fo r  the a i r f o i l s  smooth and rough. Presumably, the  intersect ions of the 
curves of pressure  recovery  parameter  against l i f t  coeff ic ient  with the 
horizontal   l ines  representing the c r i t f c a l  value of the pressure-recovery 
parameter are indicative of the values of - 0.1 which can be 

obtained by the d i f f e r e n t   a i r f o i l s .   I n   o r d e r   t o  show more clearly the 
. .  - 
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ef fec t  of increasing IJFm on the maximug l i f t  coefficient,  the  value 
of the maximum l i f t  coefficient determined frm figure 3 is  plotted 
against qm i n  figure 4. On the basis of the  correlation  presented 
i n  f igure 1, the data of figure 4 indicate- that maximum l i f t  coefficients 
somewhat greater  than 1 . 3  are possible  for symmetrical a i r f o i l s  of 
&percent thickness i n  the smooth surface  condition. The e f f ec t  of \Ir, 
on the maximum l i f t  of t he   a i r fo i l s   i n   t he  rough condition is seen t o  
be less  favorable tban  for   the smooth a i r fo i l s .  The data  of figure 4 
also  indicate that, a t  l e a s t   f o r  the par t icular  form of the f distribu- 
t ion  chosen, increasing the value of I# beyond about 0.20 w i l l  probably 

not result i n  arty further significant  increases i n  maximum lift. Some 
indication as t o  the reason for this can  be found i n  figure 5 i n  which 
the values of Ava/V, the addi t ional   veloci ty   r&tio due t o  angle of 

a t t a c k   a t  a l i f t  coefficient of 1.0, and v/V, the  veloci ty   ra t io  due 
t o  the basic  thickness forin a t  zero lift, are plotted against $f for 
the 0-, 0.5-, and 0.75-percent-chord stations.  These  par t icular   s ta t ions 
were chosen because the peak negative  pressure  coefficient i n  the 
v ic in i ty  of maximum lift usually  occurs a t  one or the other. The t o t a l  
ve loc i ty   ra t io  at a par t icu lar   s ta t ion  I s  obtained from the r e l a t ion  

LE 

LF: 

'. 

! 

G + AVa cz ) w h e r e  cz is tb  l i f t  coefficient under consideration. 

T& value of V/V is, of cour~e,   zero at the 0-percent-chord s ta t ion.  
The value of Av V at the 0-percent-chord s t a t ion  i s  seen t o  decrease 
rapidly with increasing  values of qm u n t i l  values of qm of about 
0.2 are  reached  after which it i s  seen t o  decrease-relat ively slowly with 
further  increases  in Vm. Both AvJV '&ad v/V at the 0.5- and 
0.75-percent-chord s ta t ions vary rather slowly with increasing &. 
The value of  Av V at the leading edge was found t o  control the 
predicted  value of the maximum l i f t  coef f ic ien t   un t i l  qm reached a 
value of about 0.166 (A2 = 1.0) after which the pressure a t  the 0.5 
s t a t ion  became-the  controlling  factor. Any fur ther   var ia t ions  in  maxFmum 
l i f t  associated  with  increasing qrn beyond about 0.20-(% = 1..3) 
must be re la t ive ly  small because of the manner i n  which AvdV and v/V 
vary with qLE , for qLE greater  than 0.2. 

.! 

4 

A somewhat  more graphic  i l lustretion of the   effect  of I)r on the LE 
pressure  distribution can  be  obtained from figure 6 i n  which the  theore- 
t ical   pressure  coeff ic ients  f o r  a lift coefficient of 1 . 3  are  plotted 
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* - against  chordwise pos i t ion   for ' th ree  O f  the   a i r fa i l s   deyived  and for  
the NACA 64-006 -and WACA M06 a i r f o i l  sections. The peak ne_@;_alAve 

of  the   a i r fo i l -wi th  f, of 0.244 (+ = 1.6). 

i -  
" I O *  

1 pressure of the  NACA 64-006 i s  seen l;o be of the  order of 3 . G e s  that i::2:'7 i 
. . .. - 

The theore t ica l  pressure d i s t r ibu t ions   fo r   a i r fo i l s  having tbree 
different   values  of are shown i n  figure 7 for  the  zero l i f t  LFl 

L 

condition. The corresponding  pressure  distributions for  the lPACA 64-006 
and NACA 0006 sectipns ase a l s o  shown i i f i g u r e  7 for  commieon. It 
i s  quite  apparent from the  shages of the pressure  dis t r ibut ion shown i n  
figure 7 that for  the .. "" higher  values of qLF: extenstve  regions of laminar . .  

flow cannot  be  expected. I n  view  of tke pract ical   d i f f icul ty   experienced 
in  obtaining  the-low-drag  coe.fficients  corresponding t o  extensive laminar 
layers  on NACA 6-series a i r fo i l   s ec t ions  on opergtional  aircraft,-however, 
the exclusion of the p o s s i b i l i t y  of Qbtaining extensive laminar layers 
on the new airfoils does  not seem particularly  important.  Perhaps the 
most noteworthy charac te r t s t ic  of the pressure  dis t r ibut ions sham i n  
figure 7 is  t-k"high  values  of  the peak negative  pressure  coefficient 
associated  with the large y d u e s .  of' $ " Such high .values of  the neg- 
ative  pressure  coefficiFqt_me&n l o w  values of the c r i t i c a l  Mach number. 

r e l a t ive ly  high- l i f t  coeff ic ient@  (for  example, see reference 7) have 
shown, however, that the existence of high  negative peaks i n   t h e  lou- 

Mach numbers are not nece-ssarily indicat ive of correspondingly low force- 
divergence Mach numbers. Consequently, it w a s  hoped that the high 

, negative peaks i n  the iow.-ipeed pressure d i s t r ibu t ion  of the new a i r f a i l s  
a t  low l i f t   c o e f f i c i e n t s  did not necessarily mean that poor  aerodynamic 
charac te r i s t ics  would be obtained at  high Mach numbers. 

. LE' 

.I Numerous experimental  irnreitigations of NACA- 6-series a i r foi ls  a t  

L speed pressure dis t r ibut ion-  and - the-  accompanying low t h e o r e t f c a l   c r i t i c a l  . . 

. .  

. .  

Modification of a i r fo f l  shapes and desigmtion.-  The shapes of the 
a i r f o f l s  having value0 of from 0.098 t o  0.244 from 0 t o  1.63 

are shown i n  figure 8. The thickness forma shown for the larger  values 
of %. "e obviously quite impossible from a pract ical   point  of view. 
It w a s  found, however, that the  portions of t h e   a i r f o i l s  from t he   v i c in i ty  
of the maximum thickness   posi t ion  to  the trailing edge could be varied 
through a wide range  without materially a l t e r ing  the- desirable pressure- 
recovery  characterist ics a t  high l i f t  coeff ic ients .  

?x . 

Because of the  uncertainty  of  both the predicted  effect  of a i r f o i l  
shape on the maximurn l i f t   c o e f f i c i e n t  and of the  effect  of the  high 
negative  pressures on the airfoils a t  low L i f t  on the  high-speed  char- 
ac t e r i s t i c s ,  two representa t ive   a i r fo i l s  of the,new series were modified 

- - 
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S O  as t o  have shapes  of  practical   interest  and these   a i r fo i l s  were . 

investigated  in  the  low-turbulence  pressure  tunnel.  One of t he   a i r fo i l s  
modified had a value  of. + of 1 . 3  $L;E = 0.20). This  particular air- 

f o i l  was chosen for  modification  because,  as  can be seen from figure 4, 
most Of the  gains  in maximum l i f t  coeff ic ient  might  be  expected  with 
t h i s  section and the peak negative  pressure  coefficient a t  zero lift for  
this a i r f o i l  i s  lower  than  that of t h e   a i r f o i l  having = 1.6. The 
o t h e r   a i r f o i l  developed for   invest igat ion was not a modification of one 
of  those shown in   f i gu re  8, but had a value of 9 of 0.138 (A2 = 0.7). 

This   par t iculm  sect ion was developed  because a rather. high maximum lift 
coeff ic ient  would be  expected ( f ig .  4) together w i t h  a peak negative 
pressure  coefficient a t  zero l i f t  substant ia l ly  lower than  t h a t  of the 
a i r f o i l   w i t h  =.1.3 ( interpolate   values   in   f ig .  7) .  

( i/ 

LE 

Because  of the  experimental nature of  the two new sections, a 
completely  systematic and descriptive method of designating the sections 
does  not seem appropriate a t  present. Hereafter, the new sections  are 
r e fe r r ed   t o  merely as NACA 1-006-and NACA 2-006.. The MACA 1-006 has a 
value  of qm of 0.2 (% of 1.3) and the NACA 2-006 has a value 

of $m of 0.138 (A2 of 0.7). The 006 has the same meaning as the last  

three d i g i t s  i n  the designation of M C A  6-series a i r f o i l s ;  t ha t  is, i n  
the  present  case,  the 006 meam the a i r f o i l s   a r e  symmetrical and a re  
of 6-percent  thickness.  Sketches  of  the NACA 1-006 and NACA 2-006 are  
shown i n   f i g u r e  9 i n  comparison with the NACA 64-006 and NACA 0006. 
T h e  predicted maximum lift coefficients  of  the two sect ions  are  1.32 
and 1.22 for   the  NACA 1-006 and NACA 2-006, respect ively,   in   the smooth 
surface  condition.  Ordinates and theoret ical  low-speed pressure- 
d i s t r ibu t ion  data are given i n  tab les  I and I1 for   the NACA 1-006 
and NACA 2-006 a i r fo i l   s ec t ions .  The pressure  distribution data are 
given i n   t h e  form of the  veloci ty   ra t io   dis t r ibut ion  associated  with 
the  basic  thickness form at  zero l i f t  v/V and of t h e  incremental' 
veloci ty  r a t i o  distribution  associated  with  angle of a t tack AvdV. 
The values of Av V a re   for  a l i f t  coeff ic ient  of 1.0. The method of 

I 

a/ 
combining the  veloci ty   ra t ios  v/V and Av V to  give  the  velocity 
distribution  about the a i r f o i l  a t  any l i f t  coeff ic ient  is given i n  
reference 1. 

! 

I 

APPARATUS, TESTS, AND METHODS . .. . 

Wind tunnel.- All the t e s t s  of the.  present  investigation were made 
i n   t h e  Langley  'low-turbulence  pressure  tunnel. This  tunnel was or ig ina l ly  
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., 
designed and has"been operated  for a nmiber of yeass as a low-speed, 
high Reynolds number f a c i l i t y . .  A t  the  present time, the Langley low- 

facil i ty with Freon-12 gas  replacing air as the test  medium. Because 
the speed of  sound i n  Freo-n i s  only about one half of that i n  air, choking 
Mach nunibera can be obtained in the 3- by 'THfoot test section with the 

original  2000-~rsepower  drive motor. The var ia t ion  of the Reynolds 
number per foot  obtainable a t  three  tunnel press-es i s  shown i n  figure 10 
as a function of Mach  number. 

V turbulence  pressure-tunnel is also operated as a Ugh-speed  reeearch 

2 

In  the-present  investigation,  both  high and low Mach number tests 
were made. For'tlze low-speed imrestigation, the tunnel was f i l l ed   w i th  
a i r  compressed to   pressures  of as high as 150 p o d s  per s-e inch. The 
desired Reynolda nuniber dictated the value of the tunnel  pressure. The 
high Mach nu?n>er investigation was made i n  Freon-12 a t  a tunnel  pressure 
of 16 inches of mercury absolute and with a Freon  purity of approxbnately 
95 percent  by w e i g h t .  

Models and tes t  methods.- The NACA 1-006 and MACA 2-006 sectiona 
were investigated a t  both  high and low Mach numbers and the NACA 64-006 
section was investigated at high Mach numbers fo r  purposes of comparison. 

steel and the m o d e l  of t.?x NACA 2-006 waa machined f r o m  so l id  aural. The 
three models were of 1-foot -chord. T h  models when mounted i n  the tunnel 

obtained. Each end of the model passed through a s l o t   i n  the tunnel w a l l .  
One end  of the mow1 was a t tached   to   the  two-dFmensional-tunnel  semispan 
balance i n  such a w a y  that no constraint  was i pp l i ed   i n  yaw and roll. 
The l i f t  and dreg forces were restrained a t  the other end of the model 
which was pivoted i n  a universal  bearing. With this system of  mounting, 
the semispan balance measured one-half the lift and drag  forces and all 
of the pitching moment. A labyrinth-type s e d  was provided a t  each end 
of the model t o  minimize the e f f ec t  of air leakage  through the s l o t s   i n  
the tunnel  wall. Tlae effectiveness of the seal i s  indicated by the f a c t  
that the ,drag as measured by the balance was found t o  be- unaffected by 
var ia t ions i n  the pressure  difference between tk imide and outside of 
the  tunnel t e s t  section. A sketch showing t& relatfonehip between tk 
ends of the model, the tunnel w a l l ,  the l a b p i n t h  seal, the mounting 
pivot, and balance i s  presented i n  figure 15. A photograph  of t he  
NACA 2-006 a i r f o i l   s e c t i o n  mounted .- i n  the tunnel is shown i n   f i g u r e  12. 

- 7  The m o d e l s  of the NACA 64-006 and the  NACA 1-006 were machined from so l id  

. completely spanned the 3-foot dimension so that two-dimensional flow w a s  

The semispan balance was employed for making lift, drag, and 
pitching-m-nt measurements in the high Mach number t e s t a  and fo r  the 
lift and pitching-moment"~surements i n  the low-speed t e s t s .  D r a g  
measurements were made i n  the low-speed t e s t a  by the wake-survey method. 
I n  order t o  check the accuracy of the drag data obtained a t  high Mach 
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numbers with  the semispan balance;  comparative values ]of the drag were 
determined from point-by-point measurements of the  static  pressure and 
to ta l ,p ressure   defec t   in   the  wake for  the MACA'1-006 a i r f o i l  and the 
NACA 64-006 a i r f o i l   a t   s e v e r a l  angles of  attack. The wake-sunrey meas- 
urements were not made simultaneously  with  the  balance measurements and 
were obtained a t  only one spanwise station.  Since the balance  integrates 
the  drag  across the en t i r e  span and because of the di f f icu l ty  of 
determining the exact width of the wake a t  high Mach numbers, some 
differences i n  the drag  coefficients as determined by the two techniques 
might  be  expected. The drag  data.  obtained by the two methods, shown i n  
figure 13 as a function of Mach nmber, do indicate some differences, 
however, these  differences  are' Bmall i n  most cascs and do not appear t o  
form any consistent  trend. It was concluded, therefore, that the drag 
measurement-s made wi th  the balance were as good if not better than  those 
determined by the wake-survey method. Some comparisons a t  low speeds 
of lift coefficients as determined by integration of the  presswe 
reaction upon the  f loor and cei l ing of the  tunnel and by the Bemispan 
balance showed excellent agreement. 

J 

I 

Tests.- The low-speed.investigation  consisted i n  measurements of 
. .. , 

the l i f t ,  drag, and pitching moment of the ESACA 1-006 and NACA 2-006 
a i r fo i l   sec t ions  at different  Reynolds  numbers.and f0.r the smooth and 
rough surface  conditions. The leading-edge  roughness employed was the 
same as tha t  used i n  previous  two-dimensional  investigations and consisted 
i n  0.011-diameter carborundum-grahs thiniy spread Over a surface  length 
of 8-percent  chord back from *he leading edge. The Mach nmber of the 
low-speed tests did not exceed 0.15. L i f t ,  drag, and pitching-moment 
data were obtained  for.  the NACA 1-006 i n  both  the smooth  and rough 
surface  conditions a t  Reynolds numbers of 3.0 X 10 , 6.0 x 10 , and 
9.0 x 10 . L i f t  and drag data were obtained  for  the NACA 2-006 a t  the 
same three Reynold8 numbers in the smooth condition and pitching-moment 
data were obtained ai 3.0 X lo6 and 9.0 x lo6. L i f t ,  drag, and pitching- 
moment data were obtained  for  the NACA 2-006 airfoi l   sect ion  In   the 
rough  surface  conditim only at  a Reynolds number of 6.0 x 106. 

. . .  

*. 
. .  
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In   the  high-speed investigation, data were obtained only for   the 
smooth surface  condition. The l i f t ,  drag, .and pitching-moment character- 
i s t i c s  of the NACA 1-006, -NACA 2-006, and NACA 64-006 were determined 
for a Mach  number range  extending from 0.3 or 0.4 t o  a Mach number which 
was 1imited.by model vibration. The angle-of-attack  range of tbe tests 
extended from Oo t o  6'. The var ia t ion of Reynolds number with Mach 
number for  a tunnel  pressure of 16 inches  of mercury and Freon purity * 

of 95 percent i s  shown i n  figure 10. 



Wind-tunnel-wall corrections.- The  low and high Mach number data 
have been  corrected  for  tunnel-wall  effects  according  to  the methods 
of references 1 and 8. The magnitude of  the  corrections were very small 
in   a l l - cases .  The maxFmum correction  occurred a t  the highest Mach numbers 
and was of the  order of 2 t o  3 percent. The very small angle-of-attack 
correction  indicated  in  reference 8 w a s  not  applied. .. 

Freon corrections.-  Corrections must be applied  in  order  to  convert  
data obtained. i p  Fre0.n to   equ iva len t .   a i r  data. These corrections have 
been fully  discussed i n  reference 9 a d  have been ag i i ed  t o  a31 the 
high-speed data of- the  wesent   invest igat ion.  The magnitude  of the 
corrections is  ra ther  small. For exlmple, the measured Freon Mach nmiber 
differs by as much as 3.0 percent from it8 equivalent air Mach rider 
and the  measured l i f t  andmoment coefficients differ by as much as 4 to 
8 percent from their equivalent  values In air. The  corresponding drag- 
coefficient  correction is of the  order  of 2 t o  5 percent. 

RESULTS AKO DISCUSSION 

The discussion w i l l  deKL f i r s t  with the low-speed results obtained - f o r  the d i f f e ren t   a i r fo i l s  after w h i c h  the  high-speed. data' will be 
considered. . .  

Low-Speed Characterist ics 

The low-Speed data obtained f o r  the NACA 1-006 and NACA 2-006 air-  
fo i l sec t ions   a re   p resented  i n  standard  coefficient form i n  figures 14  
and 15. The l i f t  and quarter-chord pitching-moment data twe give? in 
figures 14(a) and 15(a) t.&nd-the drw data  together-with  the  pitching- 
moment data re fer red  to the aerodynamic center ere  @veri i n  figures 14(b) 
and 15(b). 

- L i f t .  - An examination  of the l i f t  data of figure8 14(a) and l5(a) 
indicates that maximum l i f %  c&ff ic ien ts  of about 1.3 were obtained  for 
bo th   a i r fo i l s  in the  smooth surface condition a t  a Reynolds nlzmber 
of 9.0 x 10 . The data of figure 15(a) indicate that the nose of the 
NACA 2-006 made1 was s l igh t ly  unsymmetrical .as evidenced by maximum lift 
coeff ic ients  of 1.26 and 1.32 on the  posit ive and negative  side of the 
l i f t  curve,  respectively.  Reductio& i n  the Reynolds number from 
9.0 x 106 to 3 .O x 10 6 are seen  to  cause a decrease of about 0.1 
in the maximum lift coefficient of bo th   a i r fo i l s  w i t h  most of the scale  

6 

. . .  . . .  
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effect occurring between 9.0 x 10 and  6.0 x 10 . A cornperison of  the 
l i f t  curves  obtained  for  the NACA 1-006 and NACA 2-006 a i r fo i l   sec t ions  
with that f o r  the NACA 64-006 a i r fo i l   sec t ion   ( taken  from reference 1) 
is  shown i n  figure 16 fo r  8 Reynolds number of 9.0 X lo6. The two new 
sections are seen to have maximum l i f t  coeff ic ients  which are of the 
order  of 63 percent  higher  than the value  of 0.8 obtained  for the 
NACA 64-006 section. It i s  perhaps of some in t e re s t  to point  out that 
the  values of t he  maximum l i f t  coefficient  obtained for  the NACA 1-006 
and the NACA 2-006 are of the same order as the  values of 1.32 and 1.22 
predicted by the  method described i n  a previous  section of the paper. 

6 6 

The addition of standard  leading-edge  roughness is seen  to  reduce 
the values  of the maximum l i f t  coefficient  of  the NACA 1-006 and 
NACA 2-006 a i r f o i l s   t o  about 0.8, which value i s  character is t ic   of   other  
symmetrical a i r f o i l s  of 6-percent  thickness i n   t h e  smooth and rough 
surface  condition. Thus, maximum l i f t  coeff ic ients  o f  the  order of 1.3 
can be expected from the new a i r fo i l s   on ly  i f  the leading edges are  
smooth. This result indicates the importance of surface  condition; 
however, the  construction and maintenance of a w i n g  suf f ic ien t ly  smooth 
t o  permit the attainment of the high maximum l i f t  coeff ic ients  is 
bel ieved   to  be less diff icul t   than  the  construct ion and maintenance of 
a 6-series low-drag wing i n  a suf f ic ien t ly  smooth and fair condition- 
t o  permit the attainment of extensive ldw flows because it ~ 0 d . d  
probably,be  necessary t o  maintain only the first 3 or 4 percent  of the 
w i n g  smooth i n  order to obtain the high maximum l i f t  coefficients.  

Further examination of the data of figures 14(a)  and 15(a)  indicates 
that the character of the s ta l l  of  both new a i r f o i l s  is re la t ive ly  
gradual a t  all three Reynolds numbers w i t h  the exception of that for 
the  NACA 2-006 at  a Reynolds number of 3.0 X 10 . There appears t o  be 
no appreciable  difference in the   l i f t -curve slopes of the  NACA 1-006 
and NACA 2-006 a i r fo i l   s ec t ions   fo r  Reynolds numbers of 3.0 X 10 

and 6.0 X lo6 (f igs .   14(a)  and 15(a)) .  The lift-curve slope  of  the 
the NACA 2-006, however, is higher  than that of the NACA 1-m6 fo r  a 
Reynolds number of  9.0 X 10 . The r e e f i t s  a h a m  i n   f i g u r e  16 indicate 
that  a t  a Reynolds number of 9.0 x I O 6  the l i f t -curve slope of 
the  NACA 64-006 i s  about  the same as that of the NACA 1-006 but i s  less 
than that of  the  XACA 2-006. 

6 

6 

6 

Pitching moment.--Tke pitching-moment data of fi-es 1 4  and 15 do 
not  appear t o  warrant  any  particular comment as they are not  unusual i n  
any respect.  

D r a g . -  A s  would be expected, the data of figures 14(b) and l5(b) 
show tha-t the drag  coefficients of the NACA 1-006 and 2-006 a i r f o i l  

w :  

! 

c 
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sect ions  are   re la t ively  high  in  the low l i f t -coef f ic ien t  range.  Perhaps 
the most unusual chasacter is t ic  of the drag polars  for   the two n e w  
a i r f o i l s  i s  the manner i n  which the &ag of the smooth sections  decreases 
as the lift coeff ic ient  is  increased f r o m  0 t o  about 0.5, thus the 
minimum drag OCCUTB a t  a lift coeff ic ient  of about 0.5 rather than at 
zero l i f t .  T-Ms rather  i a r , i 2 d . E V - i Q U  dr 0, 
new sec t ions   in   the  mEb%&3tion may..pok%u b" 
f a c t   t h a t  as the l " T c i e a t _ - i &  .from. zero, the  
gradle~n3 on o ~ ~ ~ ~ e - & ~ ; m e s -  less--&verse and the: re   t ive.  .exLent 
or  laminar flow on t,U surface  increaees. - With- the exception. , o L a  
somewhat h i g h e r A k  a t  z'eko l i f t   . f o r   t h e  IT&A 1-006, 'there do not -appear 
t o  be a$ very  important -differences .in the drag character is t ics  -of-the_ 
two a i r fo i l - sec t ions .   Increases   in  the Reynolds nuniber are  seen to have 
some Tavorable  effect-on the drag  coefficient a t  most l i f t  coefficiente.  
The addition  of  leading-edge  roughness  increases  the  drag  coefficient a t  
all l i f t  coeff ic ients   for   both  a i r foi l   sect ions.  The  asymmetry of the 
drag  zolars  in  the  rough  surface  condition probably r e su l t s  from a . 

difference  in  the amount of  roughness on the upper and lower surfaces. 

- 

A comparison of  the  drag polarrs of the NACA 1-006 and NACA 2-006 
airfoi l   sect ions  with that of the NACA 64-006 (reference I) is  shown 
i n   f i g u r e  1-7 for  the  mooth sLirface condition .and a Reynolds number 
of 9.0 x .lo . The minimum drag coeff ic ients  of  the new sectrons are 
seen to be about 0 .CK)20 higher  than that of the NACA 64-006 and, of 
course,  occur a t  a lift coefficient of about 0.5 rather than a t  zero 
l i f t .  It should.  be remembered that the  very low drag coefficients of 
the NACA 64-006 can only be  obtained i f  extensive laminar layers are 
obtained and tha t   the  maintenance  of large  portions of pr-actical  air- 
plane w i n g s  i n  a suf f ic ien t ly  fair and smooth condition  to  insure tbe 
attainment of extensive laminar layers has met with no g r e a t   e o u n t  of 

6 

success in   t he   pas t .  
maximum section l i f t  
same as that for   the 

The drag polazs 
two new sections and 
differences . 

It w y  also be of some in te res t   to   no te  that the 
t o  drag r a t i o s   f o r  the new sections are about  the 
NACA 64-006. 

corresponding to the rough  surface  condition  for the 
the NACA 64-006 (reference 1) show no important 

High-speed Characterist ics 

The l i f t ,  pitching moment, and drag are plotted  against Mach rider 
for  the three a i r fo i l   s ec t ions  and for  various  angles  of  attack  in 
figures 18 to 20. .In  those  cases  for which the choking Mach number w a 8  
approached, the  curves "e dotted  beginning a t  8 Mach number of 0 .O3 . 
less than   tha t   for  choke. The l i f t   c o e f f i c i e n t  i s  plotted  againet  angle 
of a t t a c k   i n  figure 21 for .   d i f ferent  Mach-numbers and the pitching moment 
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and drag are plotted'   against  l i f t  coeff ic ient   for   dif ferent  Mach numbers 
i n  f igures 22 and 23. These curves were obtained by m o a s  plott ing  the 

rather  incomplete  because  of &he limited-range of angle of at tack  for  
whichfdata  could be obtained.. 

- d a t a  of figures 18 to  20. Unfortunately,  the high-speed r e su l t s  are 2 
1 .  

. .  . . . .  

L i f t . -  The l i f t  data  for all three  airfoils  are  plotted  together 
i n  f i E  18. The data of f i g w e  18 indicate  that  no very  consistent 
or  important  differences  exist   in  the l i f t  character is t ics  of the 
NACA 1-006, NACA 2-006, and NACA 64-006 a i r fo i l   s ec t ions ,   a t  least a t  Oo, 
2O, and bo angle of attack. The l i f t   c o e f f i c i e n t s  of -the NACA 64-006 
airfoi l .   sect ion,  however, appear t o  be  higher  than  those b f  the NACA 2-006 
sect ion  for  Mach nunibers greater  than 0.6 a t  an  angle  of  attack of 6O. 
These trends  are a l s o  evident i n  the  plot  of l i f t  against  angle  of  attack 
shown for   the   th ree   a i r fo i l s  and different  Mach numbers in   f fgure  21. 
The data of figure 21.seem t o  indicate  that   the maximum l i f t  coefficients 
of  the new sec t ions   a t  high Mach  nunibera  may be  lower than that of  the 
NACA 64-006; however, the  resul ts   are   not   suff ic ient ly  complete t o  
es tab l i sh  this fact   wi th   cer ta inty.  

Pitching moment.- The quarter-chord pitching-moment character is t ics  
of the  three  a i r foi l   sect ions  are   plot ted  against  Mach  nuniber for 
different  angles of a t t a c k . i n  figure 19. These data show pract ical ly  
no differences  in   the pitching-moment characterist ics  of  the  three 
a i r fo i l   sec t ions .  The same conclusion is  evident i n   t h e  curves  of 
pitching moment against l i f t  coefficient shown i n   f i g u r e  22. 

D r a g . , -  The drag character is t ics  of the   th ree   a i r fo i l s  which are 
shown in   th ree   par t s  i n  order t o  avoid  confusion  (figs.  20(a),  20(b), 
and 2 0 ( c ) )  indicate that the Mach number corresponding to d r a g  divergence 
i s  considerably  lower  for  the NACA 1-006 than  for the NACA 64-006 a t  all 
angles of attack  although the drag  r ise  with Mach  number  seema t o  be 
less s teep  for   the new sec t ion   in  most cases. The NACA 2-006 is  seen 
to  represent  quite an.  improvement over  the NACA 1-006 i n   t h a t  drag 
divergence  occurs a t  higher Mach nunibers. I n  f a c t ,   a t  an  angle of 
attack of Oo, there   seem  to  be re la t ive ly  l i t t l e  difference in the 
drag   cWacter ia t ic8  of the MACA 2-006.and the NACA 64-006 a i r f o i l  
sections  (figs.  20(b) and 20(c)) .  A t  higher  anglee of attack,  the -drag- 
divergence Mach.  number of the MACA 2-006 is appreciably lower than that 
of the MACA 64-006. 

- 

I 

Some fur ther   ins ight   in to   the   d i f fe rences   in   the   l i f t  and drag 
character is t ics  of the -new a i r f o i l s  and the NACA 64-006 a i r f o i l   a t  high 
Mach numbers can be found i n  figure 23 i n  which drag  coefficient  has 
been  plotted  against lift coefficient for the  three a i r fo i l s  a t   d i f f e r e n t  j .  

Mach numbers. It i s  evident  in  the  data of figure 23 that   the  drag of 
the NACA 64-006 a i r f o i l  is substantially lower than that of e i the r  of 
the new a i r fo i l s   fo r  Mach  numbers above.0.65 and f o r   l i f t   c o e f f i c i e n t s  

'I - , 
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above about 0.1. It is  also clear that the d r a g  character is t ics  of 
the NACA 2-006, although  not ga good as those of the NACA 64-006, are 
much better  than  those of '  the NACA 1-006. 

The f a c t  that  the high-speed drag charact.eristica of the NACA 2-006 
are much better than  those  of the NACA 1-006 seems par t icular ly   s ignif-  
i c a n t   i n  view of the fact that the maximum l i f t  coeff ic ient  of the 
NACA 2-006 a t  low speeds is not   substant ia l ly   different  from that of 
the NACA 1-006. This result might be interpreted as indicating that 
addi t iona l   a i r fo i l s  can be designed which have somewhat sharper  leading 
edges  t-han the NACA 2-006 without  causing  significant  reductions  in the 
majEimum l i f t  coeff ic ient   but  which will have high-speed drag characteris- 
t i c s   b e t t e r  than those of the NACA 2-006 and more nearly approaching 
those of the NACA 64-006. 

CONCLUDING RENARKS 

An investigation has been made t o  determine w h e t h e r  t h i n  airfoils 
can be developed which have increased  values of the low-speed maximum 
l i f t  coeff ic ient   but  which a t  the same time retkin  the  basic  advantages 
of thin  sections a t  high Mach numbera. A i r fo i l  data which are avail-  
able i n . t h e   l i t e r a t u r e  were analyzed and an approximate r e l a t ion  between 
the a i r fo i l   p ressure   d i s t r ibu t ion  and the maximum lift coeff ic ient  was 
found. With the use of t h i s  r e l a t ion  as a guide,   several   th in   a i r foi l  
sections were derived. Two of these  experimental   airfoil   sections which 
were symmetrical and 6 percent  thick were investigated a t  both high and 
low subsonic Mach numbers.' The following  important reeults were obtained 
from the investigation: 

I 

I 1. Both of the n e w  a i r fo i l   s ec t ions  had low-speed maximum l i f t  
coefficients in the smooth surface condition of about 1.3 at a Reynolds 

a c t e r i s t i c  of other  6-percent-thick symuetrical a i r fo i l   sec t ions ,  The 
maximum lift coefficients of the n e w  sections with roughened leading 
edges,were no higher  than  those of other  symmetrical a i r f o i l s  of 
6-percent thickness with 1eadiG-eg.e  ro~~ghness.  

* number of 9 .O X lo6 as coxngared t o  values of about 0.8 which are char- 

.. 

2. No significant  differences were found in the l i f t  and moment 
character is t ics  of  the new sections as campared t o  the RACA 64-006 
section a t  high Mach nunibers - a t  least tbrough most of the limited angle- 
of-attack  range of the present  investigation (maxbum angle of attack 
for .   the  high-speed tests was 6O). 

3. The drag  divergence Mach numbers of the n e w  sections were lower 
than  those of the NACA 64-006. The  data for  the two new eections, 
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however, indicate  the  possibil i ty that other   a i r foi ls ,  which have 
increased values of-the  drag  divergence Mach  number wi th   bu t   l i t t l e  
decrease in   t he  low-speed maxFmum l i f t   c o e f f i c i e n t ,  can  be  designed. 

Langley Aeronautical  Laboratory 
National Advisory Committee for  Aeronautics 

Langley Field, Va. 
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Figure 3.-  Pressure-recovery  parameter a8 a fUUCtj.on Of lFft 
coefficient  for'aeveral  airfoil sections having different 
value8 of the parameter 4. W 

N 



. . . . . -. . . . . . , . . . . . . . . . . . . . .  

1.3 0 1121.0 

. .. . - 

.18 .20 .22 .24 

Figure 4.- Effect of the value of $ at the leading edge on thC 
predicted value of the nmxFmMI lift  coefficient. 
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Figure 5.- Effect of $ at the IeadirIg eage on the  value of the 
velocity ratios at several chordwise positions. 
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Figure 6,- Comparison of theo re t i ca l   p re~su re   d i s t r ibu t ion   a t  a lift 
coeff ic ient  of 1.3 for   severa l   a i r fo i l   sec t ions .  
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Figure 7.- Comparison of theoret ical   pressure distribution for  
several a i r f o i l  sections at zero lift. 
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Figure 8.- A i r f o i l  shapes having mrious  values of A*. 
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Figure 9.- Comparison of shapes of mACA 1-006 and NACA 2-006 airfoil 
sections with the  NACA 64-006 and NACA 0006 afrfofl sections. 
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Free-stream Mach number, 

Figure 10.- Variation of  Reynolds number with Mach number for  a stream 
mixture of 95 percent Freon and 5 percent a i r  by weight a t  a stagna- 
tion temperature of 80° F. 
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Figure E.- Model of the NACA 2-006 a i r f o i l  section in t h e  rough 

surface condition mounted in the tunnel. 
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Figure l3.- Comparison of drag coefficients as determined by the balance 
and the wake-survey methods. 
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(a )  Section lift characteristics and section pitching-mmmt 

Characteristics about the quarter-chord position of the 
plain afrfoil  section. 

Figure 14.- Iav-speed aerodynamic  characteristics of the WLCA 1-15 airfoil. 
section. 
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(b) Section drag characteristics and sectlon  pitching-moment 
characteristics  about  the  aerodynamic  center of the plaln 
NACA 1-006 airfoil section. 

Figure 14.- Concluded. -. 
f’ - 
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(a) Section 1jn characteristics & sectlon pitching-moment 
characteristics about the quarter-chord position of the 
plain a i r f o i l  section. 
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(b) Section drag characteristics and section pitching-moment 
characteristics about the aerodynamic  center of the pla in  
mACA 2-006 airfoil section. 

Figure 15.- Concluded. 



Sect ion  angle of attack, Q ,  de@; 

Figure 16.- Comparison of l i f t  curves of the NACA 1-006 and 
WICA 2-006 a i r f o i l  sections in the  smooth condition with 
t h a t  of  the NACA 64-006 a i r f o i l  section in the  smooth 
condition. R = 9.0 X 10 6 . 
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Figure 17.- Comparison of drag pohrs of the NACA 1-006 and mACA 2-006 air- 
foil sections 3n the smooth condition with that of the NACA 64-006 i n  
the smooth condition, R = 9.0 X 10 . 6 
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. .  . , Brse-stream Maoh number, Ib 

Figure 18.- Variation of section l i f t  coefficient  with Mach number f o r  
three smooth NACA a i r f o i l s   a t  peveral angles of attack. 
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Figure 19.- Variation of section pitching-moment coefficient  with 
Mach  number for three smooth NACA airfoils a t   s e v e r a l  angles of 
attack. 
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(a) NACA 1-006 a i r f o i l .  

Figure 20.- Verfation of section drag coefficient  with Mach amher for ' ., 

three smooth MACA airfoils at   several   angles  of attack. 
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(b) NACA 2-006 a i r fo i l .  

Figure 20. -.. Continued. 
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I C >  NACA 64-006 a i r fo i l .  

Figure 20. - Concluded. 
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Figure 21.- Variation of section lift coefficient  rith  angle of attack. 
f o r  three smooth sjx-percent-thick airfoil.  sectlone  at various Mach 
numbers. 
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Figure 22.- Variation of section pitching-moment coefficient vith lift 
coefficient for three smooth  six-percent-thick a i r f o i l  sections a t  
various Mach numbers. 

I 



NAcARML5lJ?o6 . 4 47 

i 

i 

.a? 

" 

m 

Seotlon llft ooaiflolent, ax Ieot lou  lLIt ooefflolent.  o~ 

Figure 23.- Variation of eection drag coefficient with 1 i f t . c o e f f i c i e n t  
for  three smooth six-percent-thick  airfoil   eections  ,at  various Mach 
number a. 
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Figure 23, - Concluded. 

I 

I 



" . 


